In this paper the transonic flow field in a vaned diffuser of a centrifugal compressor has been studied. Different geometries of the diffuser blades have been considered. Particularly with respect to the pressure field it is important to understand their influence on the development of the shock waves. For this problem a centrifugal compressor with high pressure ratio per stage has been examined. It is assumed that the impeller speed is so large that the flow may become transonic at the impeller exit.
Nomenclature
Indices 
Introduction
During the last few years the flow pattern in centrifugal compressors has been examined experimentally as well as theoretically under various aspects. In most cases emphasis was put on the rotating parts of the machine and in a great number of research reports three-dimensional effects of the flow field in centrifugal compressor rotors have been studied /1, 2, 3/. However, the development to high pressure ratios per stage has forced the requirement for a new design of the diffusers. To maintain a reasonable size of a unit vaneless diffusers no longer have been used. In order to optimize the efficiency of the compressor the blades of vaned diffusers are mostly formed with respect to aerodynamic rules.
A more or less strong interaction between the impeller and the diffuser is responsible for the complicated flow pattern, especially in the vaneless region between rotor and stator. It is not sufficient 
Description of the Method
In order to capture shock waves a conservative formulation of the governing equations has been chosen. In a cylindrical coordinate system it can be expressed in the matrix form:
The different rows of the matrices denote the continuity equation and the radial and tangential component of the momentum equation. For isoenergetic flow the energy equation can be replaced by the algebraic expression:
with the matrices The stagger angle has been altered by rotating
Brought to you by | University of Arizona Authenticated Download Date | 6/8/15 2:18 AM each of the blades around the leading edge. The diffuser inlet radius and the profile of the blades are kept constant. Secondly the thickness distribution of the blades has been changed. The original blade was thickened by adding a parabola, both to the suction and to the pressure side. All essential geometrical data are listed in Table 1 . The diffusers (b) and (c) are formed through variation of the stagger angle and the type(d)has been obtained by altering the thickness distribution. 
Variation of the Stagger Angle
Now the flow field in diffusers of type (b) and (c) are discussed. As can be seen from Table 1 type (b) has been given by rotating the blades at Αφ = -5° against the radial direction. For the diffuser type(c)the value of Αφ is +2°. The different geometries can be seen directly in Fig. 5 and Fig. 6 . The original blades have been drawn with dotted lines. In all cases in the investigation the impeller speed was 14,600 min" 1 and the Mach number at the diffuser inlet was about 0.9. For high-loaded machines the maximum mass flux is determined by the throat area of the diffuser channel. Therefore the surge line of the diffuser is identical to that of the whole compressor. The reduction of the stagger angle gives a smaller channel width and for example the mass flux of type(b) is about 20% smaller than in original case. As expected the geometry of type (c) yields a larger mass flux. The value is about 15%. At maximum mass flux all diffuser characteristics end in vertical lines because the cascade is choked, i.e. sonic speed is reached in the throat.
The left limits of the different curves in Fig. 1 are determined by operating points where small oscillations of the flow variables cannot be damped out anymore. A further increase of the exit pressure leads to numerical instabilities. Here it has been found that there exists a correlation between the numerical stability of the inviscid procedure and the physical stability of the flow at the choking line. In both cases the angle of incidence of the blades is too large, such that strong gradients occur in front of the cascade while in the interior of the diffuser channel a very weak pressure rise is found. Fig. 2 and Fig. 3 show the average flow angles at the diffuser inlet α and at the diffuser exit a DE . At small stagger angles (type b) there is only a small variation of a E with respect to the exit pressure. With increasing Αφ the flow reacts very sensitively to altered pressure conditions at the diffuser exit. Here at the outlet the flow angle a DE is nearly constant for all operating points.
Detailed information about the pressure recovery in the diffuser will be given by the fields of isobars. 
Variation of the Thickness Distribution
Now the influence of different blade thickness distributions will be discussed. As shown in Table 1 the new relative maximum thickness of the blade is assumed to be 4.5%. In Fig. 7 shown for type (a) and type (d) and as operating point one has chosen a point on the choking line, λ is the original radius divided by the impeller exit radius. The vaned region begins at λ = 1.15 and ends at λ = 1.50. In both cases the diffuser exit pressure was 88% of the total pressure. A faster acceleration of the flow can be observed for the thicker blades in the first part of the channel. It ends with a shock wave.
This can be seen very clearly in the field of isobars, Fig. 10 . In the middle of the channel the isobars come together very closely. Here a shock wave will be obtained. The pressure distribution in the vaneless region of the diffuser has not been changed much in comparison to the original type (a).
Concluding Remarks
In this paper results obtained by an inviscid theory for the flow field in a vaned diffuser have been discussed. The influence of various geometrical parameters have been studied. One can get reasonable information about the performance chart as well as details of the flow field. As a time-marching method has been used, pressure distributions with supersonic regimes and even with shocks could easily be obtained. However until now there is no possibility to calculate the efficiency because no loss model was formulated. An attempt to get information about losses by determining the boundary layer growth using integral methods did not give correct results. In cases where the flow angle at the diffuser inlet was quite different from the stagger angle, separation occurred very early and therefore boundary layer calculations could not be extended to the end of the blade. Nevertheless the Brought to you by | University of Arizona Authenticated Download Date | 6/8/15 2:18 AM
